Abstract. Compared to other types of lung cancer, lung adenocarcinoma patients with a history of smoking have a poor prognosis during the treatment of lung cancer. How lung adenocarcinoma-related genes are differentially expressed between smoker and non-smoker patients has yet to be fully elucidated. We performed a meta-analysis of four publicly available microarray datasets related to lung adenocarcinoma tissue in patients with a history of smoking using R statistical software. The top 50 differentially expressed genes (DEGs) in smoking vs. non-smoking patients are shown using heat maps. Additionally, we conducted KEGG and GO analyses. In addition, we performed a PPI network analysis for 8 genes that were selected during a previous analysis. We identified a total of 2,932 DEGs (1,806 upregulated, 1,126 downregulated) and five genes (CDC45, CDC20, ANAPC7, CDC6, ESPL1) that may link lung adenocarcinoma to smoking history. Our study may provide new insights into the complex mechanisms of lung adenocarcinoma in smoking patients, and our novel gene expression signatures will be useful for future clinical studies.
Introduction
Lung cancer is one of the most common types of cancer and is the leading cause of cancer-related mortality wordwide. Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) are the most common types of lung cancer, of which NSCLC accounts for approximately 85% of all cases (1) . Lung adenocarcinoma is the most common subtype of NSCLC (40%) in many countries (2, 3) . To date, many genetic factors have been proposed to be involved in lung adenocarcinoma, including several tumour-suppressor genes (TP53, CDKN2A, STK11, NF1, ATM, RB1, and APC) (4, 5) . Several new targeted therapies have resulted in considerable clinical benefits for cancer patients in recent years, as well as a deeper understanding of lung adenocarcinoma at the molecular level. One example of a new targeted therapy is epidermal growth factor receptor (EGFR) and KRAS targeted gene therapy (6, 7) . However, targeted gene therapy is mainly used when patients have special characteristics. EGFR mutations occur more frequently in female lung adenocarcinoma patients with a non-smoking history (8) . HER2 mutations tend to occur in non-smoking males (9) . In contrast, KRAS mutations occur during the early development of smoking-related lung adenocarcinoma (10) . Based on these observations, there is a need to develop individualized treatment programs for patients with unique clinical characteristics. Lung adenocarcinoma is caused by a combination of genetic and environmental effects (11) .
More recently, the incidence of lung adenocarcinoma has increased in smokers (12) . Tobacco smoke contains a mixture of harmful compounds and carcinogens (13) . Therefore, smoking plays an important role in the development of lung adenocarcinoma. Although the correlation between smoking and lung adenocarcinoma has been demonstrated in previous studies, a meta-analysis of the gene mutations in a large number of tissue samples that considers the smoking history in lung adenocarcinoma has not yet been conducted (14) . This large scale analysis can reduce the differences caused by different research conditions and can integrate the results from previous studies to evaluate the issue from another point of view. The development of microarray methods for large scale analysis of gene expression makes it possible to perform a more comprehensive analysis for potential genes and molecular pathways associated with lung adenocarcinoma in smoking patients (15) . DNA microarray analysis has been applied to investigate whole genomic expression profiles and physiological mechanisms in health and disease (16, 17) . Therefore, a high-throughput microarray experiment was designed to Meta-analysis of mRNA expression profiles to identify differentially expressed genes in lung adenocarcinoma tissue from smokers and non-smokers XIAONA HE 1* , CHENG ZHANG 2* , CHAO SHI 2 and QUQIN LU analyse the genetic expression patterns and identify potential genes to target for lung adenocarcinoma (18) . Meta-analysis provides a powerful tool for analysing microarray experiments by combining data from multiple studies (19) . Genes identified by meta-analysis tend to overlap with genes identified in other studies, suggesting increased reliability (20) . In addition to providing a new perspective, this research topic will further the understanding of the relationship between smoking and lung adenocarcinoma. The aim of this study was to identify possible candidate genes for personalized treatment for lung adenocarcinoma patients with a history of smoking to provide patients with better treatment options and ensure a good prognosis. Therefore, we conducted a meta-analysis using the same platform of gene expression profile data that associated smoking with lung adenocarcinoma tissue.
Materials and methods

Selection of microarray datasets for meta-analysis.
According to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines published in 2009, we performed a detailed and comprehensive search of microarray datasets in the Gene Expression Omnibus (GEO) database of the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/geo/).
Meta-analysis data.
To maintain objectivity, the data were simultaneously extracted by two independent reviewers from the original search. Any discrepancies that arose between the two reviewers were resolved by consultation with a third reviewer. The terms 'lung neoplasms' and 'lung cancer' were considered keywords during our search for this study. In addition, studies that reported non-human data were excluded in the selection process for microarray datasets. Finally, 583 datasets were obtained from searching the Gene Expression Omnibus (GEO) database. Datasets with >20,288 samples were elected for the study. We included a dataset in the meta-analysis if it contained i) all samples on the Affymetrix Human Genome U133 Plus 2.0 Array platform, ii) samples from lung adenocarcinoma tissue and iii) samples with valid smoking statuses. According to the criteria, the four datasets that were selected from the 288 datasets included 477 lung adenocarcinoma tissues with valid smoking statuses. Then, we downloaded the lung adenocarcinoma tissue files (CEL) of the four microarray datasets from the GEO database with accession numbers GSE12667, GSE31210, GSE40791, and GSE50081. The four datasets included 477 lung adenocarcinoma patients; 327 of which were smokers, and 150 were non-smokers; the smokers included former smokers, current smokers and ex-smokers.
Meta-analysis of microarray datasets using the same platform.
We conducted the meta-analysis of gene expression profiles of the selected four microarray datasets by using R statistical software (http://www.r-project.org/) with the same platform. Prior to the meta-analysis, we performed data normalization of the four datasets using R statistical software. Then, we processed the meta-analysis using the MAMA, mataMA, affyPLM and CLL packages in R statistical software according to the t-test and z-score methods. During the meta-analysis with R statistical software, a list of differentially expressed genes (DEGs) (upregulated or downregulated) were identified based on the P-values (where the threshold was <0.005) and z-scores (where the threshold was an absolute value >3).
Enrichment analysis of the GO function and KEGG pathway.
It is important to understand the biological implications of the identified DEGs in lung adenocarcinoma tissue. According to the meta-analysis results, the most significant 200 DEGs (100 upregulated and 100 downregulated) were selected for enrichment analysis. Then, we conducted the functional enrichment analysis of the gene ontology (GO) function and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway using the WEB-based GEne SeT AnaLysis Toolkit (http://bioinfo.vanderbilt.edu/webgestalt/login.php) under a significance threshold of P<0.05.
PPI network analysis.
To further understand and predict the biological activity of the identified DEGs that were based on the results of the GO function and KEGG pathway enrichment analyses, we conducted a protein-protein interaction (PPI) Figure 1 . Selection process of the microarray datasets for meta-analysis of lung adenocarcinoma tissue with smoking status. Figure 2 . The 2932 overlapping differentially expressed genes (DEGs) based on P-value (where the threshold was <0.005) and z-score (where the threshold was an absolute value >3) were detected using Venny 2.1.0. network using the Cytoscape software. Prior to this analysis, we imported the DEG-encoding proteins into a protein-protein interaction (PPI) network, which was downloaded from the Biological General Repository for Interaction Datasets (BioGRID, http://thebiogrid.org/).
Results
Selection of microarray datasets related to lung adenocarcinoma for meta-analysis.
From the microarray datasets retrieved from the GEO database of NCBI, we extracted 477 GEO lung adenocarcinoma samples that belonged to four microarray datasets, which met our criteria for metaanalysis (see Materials and methods, and Fig. 1 ). All four GEO series (GSEs) were microarray datasets that used only lung adenocarcinoma tissue with valid smoking statuses. The GEO Platform Files (GPLs) from the four datasets (GSE12667, GSE31210, GSE40791 and GSE50081) were obtained using the Affymetrix 'Gene Chip' (Table I) .
Identification of upregulated or downregulated DEGs through meta-analysis.
We performed the meta-analysis of gene expression profiles according to t-test and z-score methods using MAMA, mataMA, affyPLM and CLL packages in R statistical software on the same platform. According to the P-value (where the threshold was <0.005) and z-score (where the threshold was an absolute value >3), we were able to identify a total of 2,932 DEGs, including 1,806 upregulated and 1,126 downregulated genes using Venny 2.0 (http:// bioinfogp.cnb.csic.es/tools/venny/index.html). The 200 genes Table I . Characteristic of individual studies retrieved from Gene Expression Omnibus for meta-analysis. that showed maximum up regulation and downregulation are shown in Tables II and III, 
Enrichment analysis of the GO function and KEGG pathway for the top 100 upregulated and downregulated DEGs.
We classified the 200 DEGs that were identified through meta-analysis according to the GO hierarchy into functional categories (biological process, molecular function, and cellular component) and based on the KEGG pathway, with a significance threshold of <0.05. The most significant GO terms under the biological processes category were enriched in the following descending order: 'cell cycle phase' (GO:0022403), 'M phase of mitotic cell cycle' (GO:0000087) and 'mitotic cell cycle' (GO:0000278). The most enriched GO terms under the molecular functions and cellular components categories were 'protein binding' (GO:0005515) and 'nuclear part' (GO:0044428). The most enriched KEGG pathway terms were (in descending order): 'Cell cycle' (kegg:04110), 'Oocyte meiosis' (kegg:04114) and 'Ubiquitin mediated proteolysis' (kegg:04120) (Tables IV and V) .
PPI network analysis of the DEGs. To understand the biological meaning of the 8 upregulated DEGs identified by the KEGG pathway under the cell cycle pathway at the protein level, we constructed a PPI network for the proteins encoded by the 8 DEGs with interactions that included 541 nodes and 671 edges as shown in Fig. 7 .
Discussion
In the present study, we showed that genes are differentially expressed in lung adenocarcinoma in smoking and non-smoking patients. Some genes that showed the highest expression levels were found in lung adenocarcinoma patients who had a smoking history. Smoking consistently plays an important role in the development of lung adenocarcinoma. Cigarette smoke contains over 400 identified chemicals, at least 250 of which are implicated in tumour initiation and promotion (21) . It is estimated that more than 50 chemicals in tobacco smoke cause cancers (22) . Cigarette smoke is by far the most widespread link between exposure to known carcinogens and death from lung cancer (23) . Lung adenocarcinoma is one of the main types of lung cancer in smokers and cannot be successfully treated with traditional treatments. Therefore, the effects of cigarette smoke on the genes that are implicated in lung adenocarcinoma are critical to increase our understanding of the carcinogenesis and in finding targeted genes. In our study, we found that the cell cycle pathway was significantly altered in lung adenocarcinoma tissues from patients with a smoking history. Using several perspectives would allow us to characterise the underlying mechanisms of lung adenocarcinoma in smokers. Thus, we performed a meta-analysis of four independent microarray datasets using the same platform. The large number of DEGs identified in our study implies that our approach produces more reliable results in identifying differences in gene expression levels among lung adenocarcinoma patients who either had a smoking or a non-smoking history.
In this study, the microarray expression datasets derived from lung adenocarcinoma tissue with patients with either a smoking or non-smoking history were publicly available. A number of previous studies have molecularly characterised the genetic profiles in lung cancer patients with or without a smoking history. The present investigation focused on a relatively larger cohort with 477 lung adenocarcinoma tissues from 327 smoking patients and 150 non-smoking patients, thereby providing a more powerful analysis. Our study results were highly consistent with previous DEG analyses, supporting the utility and validity of this analytical approach. Additionally, it also revealed that multiple biological processes and pathways, including cell cycle phase and the cell cycle pathway, were significantly affected in lung adenocarcinoma tissues from smoking patients compared to the non-smoking patients. Consistently, many previous studies have revealed that cigarette smoke extract accelerated premature gene mutations in the cell cycle pathway. Cigarette smoke extract alters the cell cycle via the phospholipid transfer protein/transforming growth factor-β1/cyclinD1/CDK4 pathway (24) . Cigarette smoking is a major factor for many cancers including, pancreatic cancer, human ovarian cancer and colon cancer (25) (26) (27) . This study identified the 8 overexpressed genes in the cell cycle pathway as CDC45, PLK1, CDC20, ANAPC7, CDC6, CHEK1, CCNE1 and ESPL1. According to the P-values in the meta-analysis, we identified a few significant DEGs including CDC45, CDC20, ANAPC7, CDC6, and ESPL1. Based on our meta-analysis results, these five genes may be potential target genes for the treatment of this disease. CDC45 is a member of the highly conserved multiprotein complex including Cdc6/Cdc18. The replication factor CDC45 has essential functions in the initiation and plays an important role in the intra-S-phase checkpoint (28) . CDC45 has been found to be upregulated in many neoplasms, such as breast neoplasms, colorectal neoplasms, lung neoplasms and haematological neoplasms (29) . CDC20 appears to act as a regulatory protein by interacting with several other proteins at multiple points in the cell cycle (30) . The CDC20 gene might play an important role in the malignancy of NSCLC. Additionally, CDC20 has been found to be upregulated in lung cancer patients with a smoking history (31) . In addition, through this analysis, we identified the overexpression of the CDC20 gene in lung adenocarcinoma patients who had a smoking history compared to the non-smoking patients. Combined with previous research, our analysis demonstrates that the CDC20 gene might play an important role in the treatment of lung adenocarcinoma in smoking patients.
ANAPC7 is an E3 ligase enzyme that ubiquinates various proteins involved in the cell cycle (32) . This protein complex may have a pivotal role in the cell cycle control affecting pathological conditions such as cancer (33) . ANAPC mutations have been reported in lung squamous cell carcinoma and small cell lung carcinoma.
CDC6, a cell cycle regulatory gene, is an essential regulator of DNA replication and plays important roles in the activation and maintenance of the checkpoint mechanism in the cell cycle (34) . CDC6 has been associated with the oncogenic activities in human cancers, such as ovarian cancer, lung cancer and prostate cancer (35, 36) . However, the biological function and clinical significance of CDC6 in lung adenocarcinoma remain unclear. A previous study suggests that CDC6 is associated with the decline in lung function of ex-smoking in COPD (37) . Our study also revealed CDC6 overexpression in lung adenocarcinoma patients with a smoking history compared to non-smoking patients.
ESPL1 is a protein-coding gene, and its overexpression has been found in a variety of human cancers such as rectum adenocarcinoma, prostate carcinoma, breast carcinoma and lung carcinoma (38, 39) . Consistent with earlier results, our study revealed that ESPL is overexpressed in lung adenocarcinoma in patients with a smoking history compared to those who had a non-smoking history.
Overall, the present study identified that a few genes are differentially expressed in lung adenocarcinoma samples between smoker and non-smoker patients. This observation supports previous studies; however, our analysis provides new insights that enable better understanding of the molecular mechanisms of lung adenocarcinoma in smokers, which may provide potential targets for the therapeutic design of individualized treatments for lung adenocarcinoma patients who have a smoking history.
